Résumé. 2014 
1. Introduction. -It is well known that Group-V donors in Ge give rise to large thermal resistance. The thermal conductivity, K(T), of n-Ge has been investigated experimentally [1] [2] [3] [4] [5] [6] and theoretically [7] [8] [9] [10] In the low impurity concentration region, the strong scattering of thermal phonons and coherent microwave phonons [12, 13] by neutral donors in Ge is arisen from the peculiar structure of the donor ground state, that is, the IS like excited states with a small energy difference [7, 8] [12], [14, 15] . (This energy difference is called the valley-orbit splitting [16] .)
In Si, the phonon scattering by a single neutral donor center at low temperature might be expected to be weak due to the large valley-orbit splitting [8] . Pomerantz [12] observed no attenuation of microwave by neutral donors in lightly doped Si at T gg 30 K.
In this paper, we have investigated the thermal conductivity of P-doped Si over the concentration range 2.5 x 1014 to 1.1 x 1018 cm-3. It is shown that, in the low concentration region, the phonon scattering by P donors is weak and a theory can fairly explain the experimental data of K(T), while in the concentration region higher than the thermal resistance becomes larger than that predicted by the theory. It is suggested that this stronger scattering of phonons might be due to the ground state modified by the interaction among donors or due to clusters.
2. ExperimentaL -The thermal conductivity was measured between 1.5 and 50 K using the usual longitudinal steady-state heat flow technique, as has been described elsewhere [17] Hasegawa calculated the matrix elements of the donor electron-phonon interaction between the A, and E states and between the A, and T2 states [19] .
He found that the matrix elements for the latter are zero as long as we consider the intravalley process of the electron-phonon interaction. Thus we need consider only the matrix elements of the donorphonon interaction among the Al and E states. Furthermore we have found that, for P donor (also for Sb and As donors), the relaxation rates of phonons by the inelastic scattering and thermally-assisted phonon absorption [15] hardly contribute to the total relaxation rate. As a consequence we need only consider the elastic phonon scattering by P donors.
The relaxation rate for this process is given by [ 11 ] with and Here a* is the effective Bohr radius, p is the density of mass, vl and V2( = F3) are the average velocities of sound for the longitudinal and transverse modes, respectively. No and N, are the number of electrons per unit volume in the Al state and one of the E states, respectively. A is the energy difference between the Al and E states.
In the temperature region of interest (T ;$ 50 K), the value of N1 is very small because of the large value of A (c.--152 K) and we may put Nl = 0. Eq. (1) is then identical to that obtained by Griffin and Carruthers [8] .
We shall calculate K(T) by using the usual semiphenomenological expression for the lattice thermal conductivity [20] N° 4 (N = 7.5 x 1016 cm-3). The doted line represents the calculated K. agreement with the experimental results in the low concentration range where impurities are isolated.
It is noted that since the isotope scattering is strong for phonons with frequency at which the resonant scattering becomes effective, the latter is not important (see Fig. 5 ).
It is also noted from figure 1 N° 6 (N = 4.7 x 1017 cm -3). The doted line represents the calculated K. scattering mechanisms give the temperature dependence observed experimentally. Thermal conductivity of sample no 7 also shows the temperature dependence T 2 for 6 K gg T gg 12 K. On the other hand it is to be noted that the measured thermal conductivity for samples no 6 and 7 tends to merge for T &#x3E; 30 K. This is expected to be due to the existence of a certain amount of oxygen [24] in these samples. 
